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ELECTRODEPOSITABLE COATING COMPOSITIONS 
AND METHOD FOR IMPROVED CURE RESPONSE 



BACKGROUND OF Tire TNVRHTTnw 
This application is a continuation-in-part of copending 
U.S. Patent application Serial No. 08/329,106, filed on 
October 24 , 1994 . 

FIELD OF THE TMVBMT Tffl 

The present invention relates to cationic 
electrodepositable compositions, and to their use in 
electrodeposition. 

BACKGROUND OF THE ihvrottow 

The application of a coating by electrodeposition involves 
depositing a film- forming composition to an electrically 
conductive substrate under the influence of an applied 
electrical potential. Electrodeposition has gained prominence 
in the coatings industry because in comparison with non- 
electrophoretic coating methods, electrodeposition provides 
higher paint utilization, outstanding corrosion resistance, and 
low environmental contamination. Early attempts at commercial 
electrodeposition processes used anionic electrodeposition, 
where the workpiece being coated served as the anode. However, 
in 1972, cationic electrodeposition was introduced commercially. 
Since that time, cationic electrodeposition has become 
increasingly popular and today is the most prevalent method of 
electrodeposition. Throughout the world, more than 80 percent 
of all motor vehicles manufactured are given a primer coating by 
cationic electrodeposition. 

Many cationic electrodeposition compositions used today 
are based on active hydrogen -containing resins derived from a 
polyepoxide and a capped polyisocyanate curing agent. These 
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cationic electrodeposition compositions contain organic tin 
catalysts such as dibutyl tin oxide to activate cure of the 
electrodeposition composition. Because of cost and 
environmental considerations, the levels of these tin catalysts 
are kept low. Organotin catalysts are relatively expensive and 
appear in the ultraf iltrate of electrodeposition baths, which 
can present waste disposal problems. However, low catalyst 
levels may lessen the cure response of a coating composition 
providing weaker properties in the cured film than desired 
Appearance of the cured film may also be adversely affected. 

It would be desirable to provide an elect rodeposi table 
composition which demonstrates enhanced cure response at low 
organotin catalyst levels without loss of cured film properties 
including humidity resistance, adhesion, and appearance. 



SUMMARY OF thb TNY"ENTTf?N 

In accordance with the present invention, an improved 
elect rodeposi table composition and a method of electrodeposition 
usxng the composition are provided. The electrodepositable 

20 composition comprises (a) an active hydrogen- containing cationic 
resin electrodepositable on a cathode; (b) a capped 
polyisocyanate curing agent; and (c) an organotin -containing 
catalyst. The improvement comprises the addition to the 
electrodepositable composition of at least one water immiscible 

25 acid functional compound having a hydrocarbon chain of at least 
5 carbon atoms. The water immiscible acid functional compound 
is preferably polycyclic. 



PETAILKD DESPPTpT jr»f,j 
The cationic resin of the present invention is preferably 
derived from a polyepoxide and can be prepared by reacting 
together a polyepoxide and a polyhydroxyl group -containing 
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material selected from alcoholic hydroxyl group- containing 
materials and phenolic hydroxyl group-containing materials to 
chain extend or build the molecular weight of the polyepoxide. 
The reaction product can then be reacted with a cationic salt 
group former to produce the cationic resin. 

A chain extended polyepoxide is typically prepared as 
follows: the polyepoxide and polyhydroxyl group- containing 
material are reacted together neat or in the presence of an 
inert organic solvent such as a ketone, including methyl 
isobutyl ketone and methyl amyl ketone, aromatics such as 
toluene and xylene, and glycol ethers such as the dimethyl ether 
of diethylerie glycol. The reaction is typically conducted at a 
temperature of about 8 0°C to 160°C for about 30 to 180 minutes 
until an epoxy group -containing resinous reaction product is 
obtained. 

The equivalent ratio of reactants; i.e., 
epoxy: polyhydroxyl group- containing material is typically from 
about 1.00:0.50 to 1.00:2.00. 

The polyepoxide preferably has at least two 1,2-epoxy 
groups. In general the epoxide equivalent weight of the ,/ 
polyepoxide will range from 100 to about 2000, typically from 
about 180 to 500. The epoxy compounds may be saturated or 
unsaturated, cyclic or acyclic, aliphatic, alicyclic, aromatic 
or heterocyclic. They may contain subs tituents such as halogen, 
hydroxyl, and ether groups. 

Examples of polyepoxides are those having a 1,2-epoxy 
equivalency greater than one and preferably about two,- that is, 
polyepoxides which have on average two epoxide groups per 
molecule. The preferred polyepoxides are polyglycidyl ethers of 
polyhydric alcohols such as cyclic polyols. Particularly 
preferred are polyglycidyl ethers of polyhydric phenols such as 
Bisphenol A. These polyepoxides can be produced by etherifi- 
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cation of polyhydric phenols with an epihaiohydrin or 
dihalohydrin such as epichlorohydrin or dichlorohydrin in the 
presence of alkali. Besides polyhydric phenols, other cyclic 
polyols can be used in preparing the polyglycidyl ethers of 
5 cyclic polyols. Examples of other cyclic polyols include 

alicyclic polyols, particularly cycloaliphatic polyols such as 
1,2-cyclohexane diol and l , 2-bis (hydroxymethyl) cyclohexane . The 
preferred polyepoxides have epoxide equivalent weights ranging 
from about 180 to 2000, preferably from about 186 to 1200 
>0 Epoxy group- containing acryl lc polymers can also be used These 

polymers typically have an epoxy equivalent weight ranging from 
about 750 to 2000. 

Examples of polyhydroxyl group-containing materials used 
to chain extend or increase the molecular weight of the 
15 polyepoxide (i.e., through hydroxyl -epoxy reaction) include 
alcoholic hydroxyl group-containing materials and phenolic 
hydroxyl group-containing materials. Examples of alcoholic 
hydroxyl group-containing materials are simple polyols such as 
neopentyl glycol; polyester polyols such as those described in 
20 U.S. Patent no. 4 , 148 , 772 .- polyether polyols such 'as those 

described in U.S. Patent No. 4,468,307; and urethane diols such 
as those described in U.S. Patent No. 4.931.157. Examples of 
phenolic hydroxyl group- containing materials are polyhydric 
phenols such as Bisphenol A, phloroglucinol , catechol, and 
25 resorcinol. Mixtures of alcoholic hydroxyl group -containing 
materials and phenolic hydroxyl group- containing materials may 
also be used. Bisphenol A is preferred. 

The active hydrogens associated with the cationic resin 
include any active hydrogens which are reactive with isocyanates 
30 within the temperature range of about 93 to 204-0, preferably 
about 121 to 177o C . Typically, the active hydrogens are 
selected from the group consisting of aliphatic hydroxyl and 
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primary and secondary amino, including mixed groups such as 
hydroxyl and primary amino. Preferably, the cationic resin will 
have an active hydrogen content of about 1 to 4 

milliequivalents, more preferably about 2 to 3 milliequivalents 
5 of active hydrogen per gram of resin solids. 

The resin contains cationic salt groups, which are 
preferably incorporated into the resin molecule as follows: The 
resinous reaction product prepared as described above is further 
reacted with a cationic salt group former. By "cationic salt 
10 group former" is meant a material which is reactive with epoxy 
groups and which can be acidified before, during, or after 
reaction with the epoxy groups to form cationic salt groups. 
Examples of suitable materials include amines such as primary or 
secondary amines which can be acidified after reaction with the 
15 epoxy groups to form amine salt groups, or tertiary amines which 
can be acidified prior to reaction with the epoxy groups and 
which after reaction with the epoxy groups form quaternary 
ammonium salt groups. Examples of other cationic salt group 
formers are sulfides which can be mixed with acid prior to 
20 reaction with the epoxy groups and form ternary .sulfoniunr salt 
groups upon subsequent reaction with the epoxy groups. 

When amines are used as the cationic salt formers, 
monoamines are preferred, and hydroxyl -containing amines are 
particularly preferred. Polyamines may be used but are not 
25 recommended because of a tendency to gel the resin. 

Tertiary and secondary amines are preferred to primary 
amines because primary amines are polyf unctional with respect to 
epoxy groups and have a greater tendency to gel the reaction 
mixture. If polyamines or primary amines are used, they should 
30 be used in a substantial stoichiometric excess to the epoxy 

functionality in the polyepoxide so as to prevent gelation and 
the excess amine should be removed from the reaction mixture by 
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_ «, tw)iB9 or other t echni,ue « che ,„„ ot t „. rMction 
Tne.epoxy „, ay be added to che amine ^ ^ 

hy d ro*yl-contai„i„ 9 amines ^ alkanolamines 

-»^«in... t rt .lW^. alkyl alkanolamines , and 
aralxyi allianolaminea containing ^ co ^ carbQn ■ 

prerer ably ;1 Co ... cerbon atoms in each ot , the alka „ ol ^ 
ar yl groups . speci£ic examples ethanoiamiM 

^W ettonola , iM . diethanoiamine, N - ph e„ ya<sthanolamina . 

10 a nd N- (2-hydrbxyethyl) -pipeline.. 

Aminos such as mono d . ^ crialkyla(n . nes an<J m . xed 

Z amines uhich ~ yl groups or amines 

Substituted „ ith groups oth „ than uhich ^ 

ne 9 .tive ly artect che „ accion betwean amina ^ ■ 

may also be used. speclf ic examples include ethylamine 
methylechylamine. triethyiamine. N-benzyXdimethylamine. 
drcocoamine and N.N-dimethylcyclohexylamine 

" 1XtB " ° f ' -*>« -ntioned amines may also 

20 ' , reaCti ° n a Prima ^ —/« secondly, amina wich che 

•polyepoxiae ceKes piece upon mixing o£ the amine end 
poiyepoxide. T „e amine may - be added to the polyepoxide or ^ 

J"' reaCCi °" te conducted neat ot in'the 
a eu lt able soXvenc such a s meth yl isobutyX Ketone. xyXene. ot 
x-met„oxy- 2 - propa noX. The reaction is genetaXXy exothermic en d 
-5 cooXrng „ y be.desired. However, heating to a moderate 

temperature of about 50 to isoor m= „ w' ^ 

no 150 c may be done to hasten the 



reaction. 



30 



The reaction product- of i-u A , - 

and rh , ■ ° f the P"mary and/or secondaty amine 

and the P oXye P oxide is made cationic end water dispetsible by at 
least partiaX neuttaXitation with an acid, suitable a ci d s 
include organic and inorganic acids such as foonic acid, acetic 
acid, laccrc acid, phosphoric acid and sulfamic ac id By 
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"sulfamic acid" is meant sulfamic acid itself or derivatives 
thereof; i.e., an acid of the formula: 



II — N — S0 3 H 

wherein R is hydrogen or an alkyl group having l to 4 carbon 
atoms. Sulfamic acid is preferred. Mixtures of the above 
mentioned acids may also be used. 

The extent of neutralization varies with the particular 
reaction product xnvolved. However, sufficient acid should be 
used to disperse the electrodepositable composition in water. 
Typically, the amount of acid used provides at least 20 percent 
of all of the total neutralization. Excess acid may also be 
used beyond the amount required for 100 percent total 
neutralization. 

In the reaction of a tertiary amine with a polyepoxide, 
the tertiary amine can be prereacted with the neutralizing acid 
to form the amine salt and then the amine salt reacted with the 
polyepoxide to form a quaternary salt group -containing rere in. 
The reaction is conducted by mixing the amine salt with the 
polyepoxide in water. Typically, the water is present in an 
amount ranging from about 1.75 to about 2 0 percent by weight 
based on total reaction mixture solids. 

In forming the quaternary ammonium salt group- containing 
resin, the reaction temperature can be varied from the lowest 
temperature at which the reaction will proceed, generally room 
temperature or slightly thereabove, to a maximum temperature of 
about 100 »C (at atmospheric pressure). At higher pressures, 
higher reaction temperatures may be used. Preferably, the 
reaction temperature is in the range of about 60 to 100°C. 
Solvents such as a sterically hindered ester, ether, or 
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sterically hindered ketone may be used bur ^ • 

y e usea ' but their use is not 

necessary . 

\ In addition co Che p riraary , secondary , nd ce „ iary ^ 
disposed above. . portion of the a„i„e c ha c is rMec . d with the 
polyepoxide can be a ketone of a polyamine . such as is 
described in u. s Pacenc Ho. 4.X04.H,. cole { , Um 23 to 
column 7. line 23. The Xetimine groups decompose upon 

dispersing the amine -epoxy resin 

p y resin reaction product in water 

in addition to resins containing amine salts and 

quaternary ammonium salt qrouDs -„.;„„■ 

it groups, canonic resins containing 

ternary sulfonium groups may be used in ^ 

^ y oe used m the composition of the 
present invention. Examples of t-h~c Q 

xampies of these resins and their method of 

preparation are described in U S P»t-«r„- ' 

J-n u.b. Patent Nos . 3,793,278 to 

DeBona and 3.959,106 to Bosso et al . 

h ^ GXtent ° f Cati ° nlc Salt ^-P formation should be such 
that when the resin is mixed with an aqueous medium and other 
ingredients, a stable dispersion of the 

composition will form. By -stable dispersion" is meant one that 
does not settle or is easily redispersible if some settling 
occurs. Moreover, the dispersion should be of sufficient:" 
cationic character that the dispersed resin particles will 
migrate toward and electrodeposit on a cathode when an 
electrical potential is set up between an anode and a cathode 
immersed in the aqueous dispersion. 

Generally, the cationic resin in the elect rodeposi table 
composition of the Present invention contains from about 
3-0, preferably from about 0.x to 0.7 mill ie quivalents of 
cationic salt group per gram of resin solids. The cationic 
resin is preferably non-gelled, having a number average 
molecular weight ranging from about 2000 Co about 
Preferably from about 5000 to about 10 ,000. By -.non-gelled- 
meant that the resin is substantially free from crosslinxing 
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and prior to cationic salt group formation, the resin has a 
measurable intrinsic viscosity when dissolved in a suitable 
solvent. In contrast, a gelled resin, having an essentially 
infinite molecular weight, would have an intrinsic viscosity too 
5 high to measure. 

The electrodepositable composition of the present 
invention also contains a capped polyisocyanate curing agent. 
The polyisocyanate curing agent may be a fully capped 
polyisocyanate with substantially no free isocyanate groups, or 
10 it may be partially capped and reacted with the resin backbone 
as described in U.S. Patent 3,984,299. The polyisocyanate can 
be an aliphatic or an aromatic polyisocyanate or a mixture of 
the two. Diisocyanates are preferred, although higher 
polyisocyanates can be used in place of or in combination with 
15 diisocyanates. 

Examples of suitable aliphatic diisocyanates are straight 
chain aliphatic diisocyanates such as 1 , 4 - tetramethylene 
diisocyanate and 1 , 6 -hexamethylene diisocyanate . Also, 
cycloaliphatic diisocyanates can be employed. Examples include 
20 isophorone diisocyanate and 4,4' -methylene-bis- Ocyclohexyl 

isocyanate) . Examples of suitable aromatic diisocyanates are 
p-phenylene diisocyanate, diphenylmethane-4 , 4 ' -diisocyanate and 
2,4- or 2, 6 -toluene diisocyanate. Examples of suitable higher 
polyisocyanates are triphenylmethane-4 , 4 ' , 4 " - triisocyanate , 
25 1,2,4-benzene triisocyanate and polymethylene polyphenyl 
isocyanate. 

Isocyanate prepolymers, for example, reaction products of 
polyisocyanates with polyols such as neopentyl glycol and 
trimethylol propane or with polymeric polyols such as 
30 polycaprolactone diols and triols (NCO/OH equivalent ratio 
greater than one) can also be used. A mixture of 
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diphenylmethane-4, 4 • -diisocv 3 n af o j 

° Cyanate and P ol ^chylene polyphenyl 

isocyanace is preferred. 

Any suitable aliphatic, cycloaliphatic.. or aromatic alxyl 
monoalcohol .ay be used as a capping agenc for ^ 
5 Pdyisocyanate in the composition of the present invention 
including, for example, lower aliphatic alcohols such as 
methanol ethanol, and n-hutanol,- cycloaliphatic alcohols such 
as cyclohexanol,- aromatic-al kyl alcohols such as phenyl carbinol 
... " meth ^™ carbinol. oiycol ethers may also be a£ 
ca P p, ng agents. Suitable glycol ethers lnclude ethylene glycol 
butyl ether, Methylene glycol butyl ether, ethylene gl ycol 
methyl ether and propylene gl ycol me thyl ether. Methylene ' 
glycol butyl ether is preferred among the g lycol echers 

Other suitable capping agents include oximes such as 
methyl ethyl Ketoxime, acetone oxime and cyclohexanone oxime an d 
lactams such as epsilon-caprolactam. 

The polyispcyanate curi„ g age „ t is usually £ ^ ' 

el.cc rodep05itable co|nposltioa ^ ^ _ ^ 

to 60 percent by weiqht nrefp^Ki * 

preferably fron, about 25 to 50 percent 
by weight based on total weight of resin solids ' 

Organotin catalysts are also present in the 
electrodepositable composition of the present invention 
Preferably in the form of a dispersion. The caCalysts , 
are often solids, are typically dispersed in a conventional 

IZTITT VehlCle SUCh 95 th ° Se diSCl ° Sed - -S- Patent 

vo y a 9rindin9 ° r milli ^ ™" The catalysts are 

typically used in amounts of about 0 05 to n 

u - 05 Co 1 percent by weight 

tin based on weight of resin solids Suitahle ' , 

t-- suitable catalysts include 

dioctyltin oxide and dibutyltin oxide. 

At low organic tin level -ir, ~ 

n levels m conventional systems, the 

appearance of the cure. coatin g can he a prohle™. The p „ sence 
Che ac ld functional compcunc in the electrodepositahle 
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composition allows for the use of relatively low levels of 
organic tin catalyst; i.e., from about 0.05 to 0.5 percent tin 
by weight based on weight of resin solids, with good cure 
response and appearance properties. 

The acid functional compound added to the 
electrodepositable composition of the present invention is water 
immiscible so as to be electrodepositable on the cathode, and 
has a hydrocarbon chain (excluding carbon atoms associated with 
the acid functionality; i.e., with the carboxyl group) of at 
least 5 carbon atoms, preferably from about 5 to about 34 carbon 
atoms, more preferably from about 9 to about 3 4 carbon atoms, 
and most preferably about 15 to 19 carbon atoms. . 

Preferred acid functional compounds are carboxylic acids.. 
The acid functional compound can be monocarboxylic acid 
functional or may contain more than one acid functional group. 
The hydrocarbon chain of the acid functional compound may be 
aliphatic or aromatic, may be saturated or unsaturated, and may 
be branched, linear, or cyclic, including polycyclic. The. 
hydrocarbon chain of the acid functional compound may also be 
substituted. Examples of substituents include hydroxyl groups . 
Examples of aliphatic saturated carboxylic acids include 
isodecanoic acid, lauric acid, hexanoic acid, dimer fatty acid, 
and stearic acid. Examples of aliphatic unsaturated carboxylic 
acids include oleic acid, 9-11 octadecadienoic acid, 9-12 
octadecadienoic acid (linoleic acid) , linolenic acid, and 
mixtures thereof. Examples of substituted carboxylic acids 
include 12-hydroxy stearic acid. 

Suitable polycyclic carboxylic acids useful as the water 
immiscible acid functional compound with a hydrocarbon chain 
length of at least 5 carbon atoms include abietic acid, which is 
preferred as well as natural sources of abietic acid. Natural 
sources of abietic acid of varying purity include gum rosin, 
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wood rosin, and tall oil rosin *k- 

-~-» *» or it may be P fied My te 

those sailed in the ? b P 7 lfled U "" 9 teehnigues Known eo . 
. hS arC bef °re b«ing added to the elect™ 

deposable composition of th electro- 

ass sr.. Fo v—- 

™es with each „ tto and „ ith , bie ^™ » 

— " » —™ in acid. t h e abietic ac i d m ^ n " Ural 
with isomeric forms suoh , y b<S P resei "= 

P — ^e tav - ;!;:„ ;;:; iraa r and resin acids ° f <- 

=an also include tbe oLlLmat ^ """^ S ° U «" 

ores:Ln material wirh _ 
or .11 o£ the turpencine ^ ^ -Presence — 

comple, mature of „a in l y t „ enty ^ iM fi ™» * ' 

carboxylic acids and a au n 5 ' m ° n °" 

-re tbe resin acid o Ic e 1TL V""" 10 ~~ 

- ~ add 5 „„, a„ y t r ; ; r;: rr ana ^ 

the carboxyiic acid d that "Stains 

-table example of able c ,c d " °" ^ ^ °~ 

used is u„ itol Ncy parciall h ' CO " talni ^ "11 oil that cab be 

»cy partially hydrogenated tall oil from ,, 
camp, Savannah; Georgia. nion 

The acid functional compound mav ... • 

—deposable composition - ^7 T 

- tbe final reaction mature o £ the main v „ cl e \7 
active hydrogen-containing resin "• >. ' " ' ' 

— - - as deLTbed'a : ^ZTT^ 
be added to , partially solubiUzeH ' AU " na "^^- it. may 
high solids so as to be sheared ^ " 

-partially soiubilizec, * 

" zea ls meant that the resin i. o ,', 
neutralized with respect to acid , X 
partially water- thinned.. e '"^^^ <™ ~T 
oo-dispersedwithpolyepoxile'o 1. «y *. 

modxfyxng anti-crater resins such as tho. „ 

cn as chose described in U.S. 
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Patent No. 4,423,166. It may also be dispersed in a conventional 
pigment grinding vehicle such as those disclosed in U.S. Patent 
4,007,154. by a grinding or milling process, and be a component 
of a pigment paste. 

The acid functional compound is added to and present in 
the electrodepositable composition in the form of an acid; i.e., 
it is not formed in situ by the decomposition or hydrolysis of a 
metal salt or catalyst . The acid functional compound is added to 
the electrodepositable composition as a compound containing free 
acid functional groups. Moreover, the acid functional compound 
is not reacted into the cationic resin backbone,- i.e., to form 
an epoxy ester during the epoxy extension reaction, nor does it 
serve to any substantial extent to solubilize the main vehicle. 
Though not intending to be bound by any particular theory, it is 
believed that because of the immiscibility of the acid 
functional compounds, they do not protonize well and hence do 
not solubilize the main vehicle as do the specific acids such as 
sulfamic acid, lactic acid, etc., mentioned above that are added 
for the purpose of solubilization of the main vehicle. 

The acid functional compound is usually present in the 
electrodepositable composition in an amount ranging from about 
0.1 to 3.0 percent by weight based on weight of main vehicle 
resin solids; i.e.. the active hydrogen-containing cationic 
resin and capped polyisocyanate curing agent, preferably from 
about 0.4 to 1.5 percent by weight based on weight of main 
vehicle resin solids. 

The electrodepositable composition may optionally contain 
a coalescing solvent such as hydrocarbons, alcohols, esters, 
ethers and ketones. Examples of preferred coalescing solvents 
are alcohols, including polyols. such as isopropanol, butanol . 
2-ethylhexanol, ethylene glycol and propylene glycol; ethers 
such as the monobutyl and monohexyl ethers of ethylene glycol; 
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and ketones such as methyl isobutyl ketone u 

— -en t is usually pre I n " n " 1S0Ph0r ° ne " ^ 
40 percent by weight ™ * n — t up to about 

V weight, preferably ranging from about 0 05 to 2 , 
Percent by weight based Qn ^ ^ ^ 

5 el ectrodepositable composition. 

The eledtrodepositable composition of the present 
-uon may f urcher contain . ^ * 

optional additives such as plasticizers . surfactants * 
agents, tamers, and anti -cratering agents 

in 1 d EX T leS ° f SUitable S — — and wetting agents 
include alkyl imidazolines such ^ 

industrial rn ■ , * avail ^le from Geigy 

industrial chemicals as GEIGY AMINE r ^ ' 
.vallate from Air Products J"" °' .~ d "W* = alcohoU 
of defoamers include a „!„ h as ^^PYNOL . Examples 

■ —na.ie.: L^rrjrr" 9 inert diat ™ 

l " U «,«*.««. These optional 

ingredients, when present, are usually used in a^ 

7 0 3 0 n^T-o^«4- l- •■ y used xn an amount up to 

~v ju percent bv we icrht- ^ 

y wei 9rnt, typically about 1 rn on' ^ 

*as.d on „e ig „t of resin solids. ' " » ^ ^ 

oxides'" 1 """ Pi9 " e " CS lnClUde ' '-id*, lead 

iC ' CJ - a y' silica, lead silicate v, 
25 as well as rnin t6 ' and b «iura sulfate, 

'» P^nt to Mnder, ratio W T is " " ^ 

1:1 (P/B) 15 usually about 0.05:1 to. 



1:1. 

30 



c.tioir ^nroair p r enc — - 

catalyst. t h e ^ ^^ Y ^~ ^ 

functional compound, and the optional 
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additives mentioned above is used in an electrodeposition 
process in the form of an aqueous dispersion. By "dispersion" 
is meant a two-phase transparent, translucent, or opaque aqueous 
resinous system in which the resin, pigment, and water insoluble 
materials are in the dispersed phase while water and water 
soluble materials comprise the continuous phase. The dispersed 
phase has an average particle size less than about 10 microns, 
preferably less than 5 microns. The aqueous dispersion 
preferably contains at least about 0.05 and usually about 0.05 
to 50 percent by weight resin solids, depending on the 
particular end use of the dispersion. 

Addition of the acid functional compound to the 
electrodepositable composition of the present invention improves 
the cure response of the composition when it is used in an 
electrocoating process. By this is meant that the temperature 
range for curing of the electrodepositable composition of the 
present invention may be about 310 to 325°F (154.5 to 162. 7°C) . 
as opposed to 325 to 340°F (162.7 to 17l.i°c)for conventional 
electrodepositable compositions at conventional organotin 
catalyst levels; i.e., about 0 . 5 to l . 0 percent -by weightT. tin 
based on weight of resin solids. The composition of the present 
invention also demonstrates improved cure response as measured 
by solvent resistance when cured at undertake temperatures 
(about 310°F, 154. 5°C) compared to conventional electro- 
depositable compositions without the acid functional compound, 
once again at optimized organotin catalyst levels. Moreover, 
the cure rate is improved; i.e., at a given temperature, a 
deposited film of the present invention cures more quickly than 
a comparable film without the acid functional compound, as 
measured by rate of weight loss of a deposited film during 
baking. Alternatively, the amount of organotin catalyst can be 
reduced while maintaining cure at normal temperatures. 
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10 



20 



25 



30 



Addition of the acid functional compound to the 
electrodeposicable o£ the prwne ^ 

27" * PPe ™ ° £ Cte '-Position when. it ls used in an 

. ec ttocoat ln3 process. Cationic electrodeposition compositions 
5 are conventionally formulated with • . 

soluble l e3 H \ Glther 3 P^ e ^ or a 

oluble ead salt. When theS e conditions also contain low 
levels of cretin catalysts ; , . e . , abouc 0 . 05 to percent 

rWei9ht baSed °" ™ ° f — -sin solids, tn! cured 

deposxted fil ms exhibic a „ 

MrHpnl . ■ y °r bnstle-like appearance, 

o „I 83i " 9 ° f epos^tion bath. Edition 

the ac.d functional compound to the electrodeposltable 
composrtion in accordance with t he present invention improves 
he appearance of cured electrodeposited films, eliminate the 
.y appearance even with !ow levels of organoti „ ^ * 
15 the composition. r 

h . , AddiCi0n ° £ »" t «"~' — functiona! compound. 

° t0 °» —ctroa.po.itab!. composition likewise 

rmprovas cure and appearance. whUe maintain^ the humidity and 
sal soiutron resistance of tne composition when it is used as , 
coat lng over electrogalvanized substrate 

is placed he PrOCeSS °' the aqueous dispersion 

catn de 7 CO " taCC " ith " »™^r ~"ve anode and 
cathode^ upon passa 9 e of an electric current between the anode 
and cathode „ hile they are .^..^.^ 

dispersion, an adherent film of rh 6 «.i w 

lira of the el ectrodepositable 

IhTIatT deP ° SiC in * =~cially continuous manner on 

the cathode. Tha fi lm win COTtain che active hydrogen - 
contain ing resin, the capped polyisocyanate ouri„ g a 3 ent. the 
t n cat. lys t. the acid functional compound, and the optional 
additrvee from the non-a q ueous phase of the dispersion 
Electrodeposition is usually carried out at a constant volta g e 
in tha ran 9 a of from about 1 volt to several thousand volts 
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typically between 50 and 500 volts. Current density is usually 
between about 1.0 ampere and 15 amperes per square foot (10.8 to 
161.5 amperes per square meter) and tends to decrease quickly 
during the electrodeposi tion process, indicating formation of a 
continuous self -insulating film. Any electroconduct ive 
substrate, especially metal substrates such as steel, zinc, 
aluminum, copper., magnesium or the like can be coated with the 
electrodepositable composition of the present invention. Steel 
substrates are preferred. It is customary to pretreat the 
substrate with a phosphate conversion, usually a zinc phosphate 
conversion coating, followed by a rinse which seals the 
conversion coasting. 

After deposition, the coating is heated to cure the 
deposited composition. The heating or curing operation is 
usually carried out at a temperature in the range of from 250 to 
4Q0°F. (121.1 to 204. 4°C), preferably from 300 to 340°F (148.8 to 
171. 1°C) for a period of time ranging from 10 to 60 minutes. 
The thickness of the resultant film is usually from about 10 to 
50 microns . 

The invention will be further described by. reference- to 
the following examples. Unless otherwise indicated, all parts 
and percentages are by weight. 

Example T 

Examples I -A to 1-0 illustrate the effect of adding 
various water immiscible acid functional compounds to a cat ionic 
electrodepositable composition in accordance with the present 
invention, compared to the effect of various non-acid functional 
compounds added to a cationic electrodepositable composition; 
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EXAMPT.F J-JS 

This example describes the preparation of a cacionic 
e e« d n batjj • containing no additive: a m ain venicle 

<*.-.,. the active hydrogen-containing cationic resin and capped 



10 



!5 



Ingredients 



EPON 82 8 1 



axsphenol A-ethylene oxide 
adduct 

(1:6 molar ratio) 



Bisphenol A 



Parts by Weight 



614 . 68 



250 . 00 



Methyl isobutyl keT3He~" 



*cnyitriphenyl phosphonium" 
iodid e 

Crosslinker^ " : 



Dxketimine ^ 
N-methyl ethanolamine 



265 . 42 



59. 48 



0.6 



682 . 85 



56 . 01 
48 .68 



Ingredients 



PQlyisocyanate a " 



netnyi isobutyl ketone 
(MIBK) 



2- (2-Butoxyethoxy)ethanoT 



i^ioutyltin dUaurate (DBTDr.T 



2-Butoxy ethanol 



Parts by Weight 



1325 . 00 



221.81 



162.23 



0.2 



1063 . 62 



fixture of diphenyl-4 4'-Hiic^ 

was added slowly allowing thS rJactil C ° XyethOXy)ethano1 
temperature between 45 and 5 L , ° miXture to mother* to a 
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2-Butoxy ethano.l was then added and the mixture allowed to 
exotherm to 110°C and held there until infrared analysis 
indicated complete consumption of the isocyanate. 

5 3 Diketimine derived from die thylene triamine and methyl isobutyl 
ketone (MIBK) (73% solids in MIBK) 

A reaction vessel was charged with the EPON 828, Bisphenol A- 
ethylene oxide adduct , Bisphenol A and MIBK . This mixture was 
10 heated under a nitrogen blanket to 125°C: Ethyl 

triphenylphosphonium iodide was then added and the reaction 
mixture allowed to exotherm to a temperature of about 145°C. 
The reaction was held at 14 5°C for two hours and the epoxy 
equivalent weight was determined. At this point, the 
15 crosslinker, the diketimine, and N-methyl ethanolamine were 

added in succession. The reaction mixture exothermed and 1 then a 
temperature of 132°C was established and maintained for an hour. 
The resin mixture (1684 parts) was dispersed in aqueous medium 
by adding it to a mixture of 3 8 . 34 parts sulfamic acid and 
>0 1220.99 parts deionized water. The dispersion was further 
thinned with 657.63 parts deionized water and 666.28 parts 
deionized water in stages and vacuum stripped to remove organic 
solvent to yield a dispersion having a solids content of 41.2 
percent and a particle size of 984 Angstroms. 
5 A cat ionic elect rodeposition bath was prepared from the 

following ingredients: 



Ingredients 


Parts by Weight 


Main vehicle prepared above 


1395.8 


Co-resin l- 1 


168.2 


Butyl CARBITOL formal 
plasticizer 2 


27 . 1 


Co-resin 2 J 


73 . 9 


Deionized water 


1943 . 7 


E-6066 paste" 1 


191.3 
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1 An aqueous dispersion of a flexih-i n , ■ ^ 

generally in accordance with us lb '' 12er " f low control agent 
prepared for use with the ewL "' N °" 4 ' 423 ' 16 ^ was 
flexibilizer-flow control ^" rode P° s "^le composition. The 
(EPON 828) and a polyoxyalkvleL ^1 ^^"^ fr ° m 3 P^P™^* 
from Texaco Chemical Co " " ^ (JEFFAMINE D - 2 °°° 

was dispersed in aqueous'^ witTt^'d"'^ ***** 
the dispersion had a resin solids content of Ve.liT* ^ 

The reaction product of o m^i~~ ^ 
ether and , moL pHoSL de^de "S 1 ™ 3lyC01 bUtyl 
described in U.S. Patent No. 4 891 generally 

acetic acid instead of ■! the exce Ption that 

of Example A, ethylene -. S a^ C ° diSP — Che ^oap 
used as a solvent in the sill S o ether mstead of mibk was 
solution was added after strinnf nf ""l* *' * Pd EP ° N 828 
B. The resin had a f inal soi?^ 9 rather than before in Example 

tinai solids content of 18.3%. 



inc'f^nta^ng ITTl^ ^ PPG -dustr.es 

15.9% aluminum Lllca^e 5 " U ba« 10X n de ; Carbon bl * C *' 

25 dibutyltin oxide. 5.7, basic lead silicate, and 3.81 

Exampl» r T -q rr j q 
Main vehicles and electrodeposition baths wexe prepared as 
generally described in Example however, various water 

immiscible acid funccronal compounds or non-acid functional 
compounds as reported in Table I below were added to the 
catronic main vehicle reaction mixture at 1% on main vehicle 
resin solids after the exothern, and one-hour hold at 132 -c 
described in the main vehicle preparation method above 

The baths for the above examples including the control 
were ultrafiltered. removing 2 0* of the total weight of the bath 
as ultrafiltrate and replacing the ultraf iltrate with deionired 
water. Zinc phosphate pretreated «,i-„„i 

^ u . ■ ^created steel panels were immersed in 

the baths and electrocoated with the ~io^ ^ 

" wxcn tne electrodeposi table 

compositions at 275 volts for- o ~t 

volts for 2 mm. at a bath temperature of 
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87-95°F (30.5-35°C) . After rinsing with deionized water, the 
panels were baked for 30 minutes at 310 °F (154. 5°C) , 325°F 

(162.7-C), or 340°F <171.1°C). Resulting film builds were about 
0.9 mils (22.9 microns). The cured coatings were evaluated for 
appearance as measured by the surface profile (R A ) described 
below and for cure response as measured by acetone resistance 
and cure rate (TGA) . The results are reported in Table I below. 

Table I 



Example 


Additive 


R A 1 


Acetone 
Resistance 2 


TGA- 3 


I -A (Control) 


none 


14 . 5 


20 


22 


I-B 


oleic acid 


8.3 


>100 


77 


I-C 


9-11,9-12 
octadecadienoic 
acid 


7.3 


>100 


49 


I-D 


stearic acid 


6.9 


>100 


88 


I-E 


linoleic acid 


6 . 8 


>100 


64 


I-F 


linolenic acid 


7.7 


>100 


88 


. I-G 


12 -hydroxy stearic 
acid 


9 - 3 


>100 


36 


I-H 


lauric acid 


11 . 5 


>100 


102 


! I-I 


isodecanoic acid 


9.8 


>100 


66 


I-J 


hexanoic acid 


. 12.1 


>100 


83 


I-K 


isovaleric acid 


18.4 


' >100 


57 


I-L 


dimer fatty acid 


8.2 


>100 


60 


I-M (Comparative) 


oleyl amine 


6 . 7 


13 


35 


I-N (Comparative) 


oleyl alcohol 


9/8 j 


45 


43 


I-O (Comparative) 


squalene 


9.8 


55 


38 



10 



15 



Data obtained from panels coated in baths aged two (2) weeks. 
Relative roughness of the coating surface is measured with a 
Surfanalyzer, Model 21-9010-01, Federal Products, Inc. The number 
reported is the average roughness, or the average vertical distance of 
any point on the surface from a centerline determined by a stylus 
moving across the surface, expressed in micro- inches . Lower numbers 
indicate greater smoothness. These data were obtained from panels 
cured for 30 minutes at 340°F (171 . i°c) . 

20 2An acetone saturated cloth was firmly rubbed back and forth across 
the cured coating surface. The number reported is the number of 
double rubs required to expose the metal surface. These data were 
obtained from panels cured for 30 minutes at 310°F (154. 5°C) . 
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3 Thermo -Grav imetric Analysis: he weioht inc * 

monitored versus time for thirty h J of a curing coating xs 

linear portion of the plot of tL rate £ Z* aC 325 ° F d«.7^). The 
loss versus time is recorded exorl^L 96 ° f the rate of wei ^t 

minute 2 times 10 3 (% i^ioht 1««7"" 1 percent "^nt loss per 
Che faster the ^ ig^^^^J* ^er the values. 

" c eater the cure rate. 

The a.t. in Table , indicace chat ^ ^ ^.-^ 
compounds te st e d ten, C = improve c„ re . while other 

Snd M9hly ao no, significancly 

improve cure. As thp>^ al y 

chain of th 1 ° f Carb ° nS ln thS 

oT L d aCld - fUnCti0nal C °~ urease,, 

of the cured coating tends to improve. 



15 

Example TT 

The following examples (II-A to n-ri /n . 

co xi-c) illustrate the 

effect of adding various i 6v <.ic „t 

levels of a water immiscible acid 

fU " CUOM1 « » cationic eiectrcdepositahle co„ positi o„ 

» a chance „ ith the present lnvTOtiM) . 

ha Chs „e« peered a„ d ; 2inc phosphate ^ ^ 

:::LT:? nd cured as in ^ 1 - ™ - 

Table II below. 



25 




30 



The data in Tabl e „ indicate chat ^ of 

unc lon ai compound on ^ race (TGA) is P r oportlonal to 
level. 
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Example ITT 

The following examples (III-A and III-B) illustrate the 
effect of adding a water immiscible acid functional compound to 
a cationic electrodeposi table composition containing a 
polyisocyanate crosslinking agent capped with a "sluggish" 
capping agent; i.e., a capping agent such as a secondary alcohol 
which does not readily uncap at standard cure temperatures. The 
compositions were prepared as in Example I, with the following 
exception. The capped polyisocyanate crosslinker was prepared 
from the following mixture of ingredients: 



Ingredients 


Parts by Weight 


Polyisocyanate 3 


1325 . 00 


MIBK 


193 .39 


Monomethyl ether of 
propylene glycol 


901.2 


DBTDL 


0.2 



a MONDUR MR. 

The polyisocyanate, MIBK, and DBTDL were charged to a reaction 

flask under a nitrogen atmosphere . The monomethyl ether of 

propylene glycol was added slowly allowing the reaction mixture 

to exotherm to a temperature between 100 and lio°C. Upon 

completion of the addition the reaction mixture was held at 

110»C until infrared analysis indicated complete consumption of 
the isocyanate . 

The crosslinker was incorporated into the 
electrodeposition bath as in Example I-A, except at 31% solids 
on solids instead of at 34% solids on solids. 

The electrodepositable composition of Example III-A 
contained no acid functional materials, while that of Example 
III-B contained 1% oleic acid by weight, based on weight of main 
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vehicle resin solids. The e i ertrnrion 

, . . e ^ctrodeposicion baths were prepared 

and zinc phosphate predated steel panels w P^pared 
. _ ■., ei P ane ls were coated and cured 

in EX3mPle 1 —wise indicated. Re sults are 

reported in Table in be iow. 



■Xafels_Ul 




^as^P ° bt "~ d £ "» ««« P».i. cured £or ,o minuces i t 
10 

3«'r ( ^r* 0b " in ' d »««<. P-.!. cu™, for 30 „ i „ utes « 



20 



Th e d, t ,.i nTaMe ,„ indicate ^ acid function 

™«U i„ , e CKe rate (TGA) in . system co„ taining . 
polyisocyanate crosslinkina anonr 

1119 agent capped with a "sluggish" 
capping ag e n t; Acetone resistant „ 

resistance and appearance are also 
improved. ■ so 



25 



■Example p. 

The : following examples dV-A and XV-B, illuscrate the 
effect of adding water immiscible acid fu „^- 

cation^ i functional compound to a 

cationic electrodepositable composition containing dioctyltin 
30 oxide instead of dibutyltin oxide, at egual tin 1 , 

catalyst. q Cln levels < as the 
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Example TV- A 

This example demonstrates the preparation of a cationic 
electrodepositable composition containing dioctyltin oxide 
catalyst and no acid functional compound. 



A pigment paste was prepared from the following 
ingredients : 



Ingredients 


Parts by Weight 


Pigment grinding vehicle 1 


3 3 8.0 


Deionized water 


507 . 1 


Titanium dioxide^ 


564.0 


Aluminum silicate-* 


330.0 


Carbon Black 4 


28 . 0 


Basic lead silicate^ 


118.0 


Dioctyltin oxide 


114.9 



x The pigment grinding vehicle was prepared by first preparing a 
10 quaternizing agent followed by reacting the quaternizing agent 
with an epoxy resin, 
follows : 



The quaternizing agent was prepared as 



15 



20 



Ingredients 


Solution 
weight (grams) 


Solid 
weight 


2 -Ethylhexanol hal f - capped 
toluene diisocyanate in 
MIBK 


320 


304 


Dimethylethanolamine 
(DMEA) 


87.2 


87.2 


Aqueous lactic acid 
solution 


117 .6 


58.2 


2-Butoxyethanol 


39.2 





The 2 -ethylhexanol half -capped toluene diisocyanate was 
added to the DMEA in a suitable reaction vessel at room 
temperature. The mixture exothermed and was stirred for one 
hour at 80°C. The aqueous lactic acid solution was then charged 
followed by the addition of 2-butoxyethanol . The reaction 
mixture was stirred for about one hour at 65°C to form the 
quaternizing agent. 
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20 
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The pignut grinding vehicle was prepared as follows : 



Ingredients 



EPON 82 9 a 



Bisphenol A 



2-Ethylhexanol half -capped — ' 
toluene diisQcyanate in MIBK 



Quaternizmg agent described 
above 



Deionized water 



2 - Bu t oxye t hano 1 



Solution 
weight (grams ) 



710 



Solid 
weight 



289 . 6 



406 



496 .3 



71.2 



1490 



682 



289.6 



386 . 1 



421 . 9 



^P-no! * av aiaabl e from Shell ou and 

diisocyanata added S 2-ethylhexanol half -capped toluene 

held at 11 to J o^c io orT^TNf the reaction ^ur. was 
the 2-butoxyethanol th * followed bv the addition of 

final p^uct^aTa^idT^ ol ab^ J- o.tained. 
Available from E . I. Du Pont de Nemours and Co. 
3 Available from Engelhard Corp. as ASP-200 
Available from the Columbian division of ra- i 

Raven 410. ai vision of Cities Service Co. as 

Available from Eagle- Picher Industries. Inc. as EP202. 



The pigment paste was sand milled to a Hegman reading of 7 

A cationic electrodeposition bath was prepared from the 
following ingredients: 
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Ingredients 


Partis by Weight 


Mam vehicle of Example I -A 


1456 . 5 


Co-resin 1 of Example I-A 


178 . 0 


Butyl CARBITOL formal 
plasticizer 


28.2 


Co- resin 2 of Example I-A ! 


77 . 6 


Deionized water 


1865.6 


Pigment paste described above 


194 . 1 



10 



Example TV-r 

This example demonstrates the preparation of a cationic 
electrodepositable composition containing dioctyltin oxide 
catalyst and a water immiscible acid functional compound at l 
weight percent on main vehicle solids. 

A cationic electrodeposi tion bath was prepared from the 
following ingredients : 



Ingredients 


Parts by Weight 


Main vehicle of Example I-A 


971 .0 


Mam vehicle of Example II-C 


454.2 


Co-resm 1 of Example I-A 


178.0 


Butyl CARBITOL formal 
plasticizer 


28.2 


Co- resin 2 of Example I-A 


77.6 


Deionized water 


1896 . 9 


Pigment paste of Example IV-A 


194 .1. 



The electrodeposi t ion baths of Examples IV-A and IV- B were 
prepared and zinc phosphate pretreated steel panels were coated 
and cured as in Example I. Results are reported in Table IV 
15 below. 
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Example 



Additive Amount 




Acetone Resistance" 



>100 " 
^coating softened) 
>100 
(no softening) 



TGA 



147 



race, as shown by the msr^n 
in TGA. y marked increase 



10 



15 



The following examples (V-A and V- B ) illustrate rh 
of reacting a water immiscible acid f . lllUStraCe th « effect 
main vehicle at « on ■ f -ctxonal compound into the 

ester " S ° lldS ' fo ™-9 an epoxy 

ester, compared to post-adding the acid f, • 

- cewc eiectrodepositahL T^Z 1 - " 



EXAMP T ,p; y g 

This exan.pie describes the preparation o t a cationic 
eiectrodeposition hath containing „ oleic acid 

-lids, post-added to the Mly reacted °" ""^ 

* »»s Prepared f r=„ the toll ^ ^^*"- * ^ 



Ingredients 



EPON 828" 



C xs P nenol A-ethylene oxidT 
adduct (1:6 molar ratio) 



Bisphenol A 



netnyi isobutyl ketoHi 



Ethyltriphenyl phosphonium 
iodide 



"Parts by Weight 



1844 . 03 



75. 00 



79.6.27 
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EXAMPI.R V-A (Pnnf^) 



10 



15 



20 



Ingredients 


Parts by Weight 


Bisphenol A-ethylene oxide 
adduct (1:6 molar ratio) 


675 .00 


Methyl isobutyl ketone 


10 . 98 


Crosslinker of Example I-A 


2049.23 


Diketimine of Example I -A 


168.02 


N-methyl ethanolamine 


146.03 



A reaction vessel was charged with the EPON 828, the initial 
charge of Bisphenol A-ethylene oxide adduct, Bisphenol A and the 
initial charge of MIBK. This mixture was heated under a 
nitrogen blanket to 125°C. Ethyl t riphenylphosphonium iodide 
was then added and the reaction mixture allowed to exotherm to a 
temperature of about 145°C. The reaction was held at 145 °C for 
two hours and the second charge of Bisphenol A-ethylene oxide 
adduct was added and the epoxy equivalent weight was determined. 
At this point, the second charge of MIBK, the crosslinker, the 
diketimine, and N-methyl ethanolamine were added in succession. 
The reaction mixture exothermed and then a temperature of 132°C 
was established and maintained for an hour. The resin mixture 
(1500 parts) was dispersed in aqueous medium by 'adding it. to a 
mixture of 34.72 parts sulfamic acid and 1145.23 parts deionized 
water. After five minutes 14.25 parts oleic acid was added to 
the high solids dispersion and further mixed for 30 minutes. 
The dispersion was further thinned with 581.29 parts deionized 
water and 603.38 parts deionized water in stages and vacuum 
stripped to remove organic solvent to yield a dispersion having 
a solids content of 42.6 percent and a particle size of 861 
Angstroms: 



25 A cationic electrodeposition bath was prepared from the 

following ingredients: 



BNSDOCID: <WO: 9807795A 1 _!_> 



WO 98/07795 



PCT/US97/13367 



- 30 




^Y 1 CAKBITOL formal 
plasticizer 



Co- resin 



Deionized water 



E-6066 paste 



168.2 



27 . 1 



1989 . 6 



191 .3 



This example describes che preparation o( a cacio 

soUds, into the r „ in during the epoxy excen ^ 

V6hiCle ~ — d «- — , indents- 9 



10 



!5 



ingredients 



EPON 82 8 



Bispnenol A- ethylene oxid£~ 
adduct (i;6 molar ratio) 



Parts by Weight 



614 . 68 



Bisphenol A 



Methyl isobutyl ketone" 



etnyltriphenyl phosphonium 
iodide 




250 . 00 



265.42 



60 . 45 



A e cuo, v essel „ as charged „ ith EpoN ^ 

Thla mlJ[ture uas heaced under a nitrogen faianket ^ $ 

Ethyl triphenylphosphonium iodide wae then added V,.— ' 
reaction mixture allowed to exoch»™ . ' 

145 . c Th exotherm to a temperature of about 

C. The reaction was held at 14s . c for two hours and the 
epoxy e g uiv.lent wei g ht was determined « this point the 
=ro S l inker . the diketimine , a „ d N . mechyi ethanolamine ' ue 
„ succession. The faction mixture ^ 
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temperature of 132°C was established and maintained for an hour. 
The resin mixture (1700 parts) was dispersed in aqueous medium 
by adding it to a mixture of 38.31 parts sulfamic acid and 
1219.38 parts deionized water. The dispersion was further 
5 thinned with 657.26 parts deionized water and 665.91 parts 

deionized water in stages and vacuum stripped to remove organic 
solvent to yield a dispersion having a solids content of 43.1 
percent and a particle size of 870 Angstroms . 

A cationic electrodeposi t ion bath was prepared as in 

10 Example V-A except that the main vehicle of Example V-B was used 
in place of the main vehicle of Example V-A. 

The electrodeposition baths of Examples V-A and V-B were 
prepared and zinc phosphate pretreated steel panels were coated 
and cured as in Example I. Results are reported in Table V 

15 below. 



Table v 



Example 


Additive Amount 


R A 


Acetone. 
Resistance 


TGA 


| V-A 


1.0% oleic acid 
(post-add) 


9.0 


>100 


77 


V-B 


1 . 0% oleic acid 
(reacted in) 


10.6 


30 | 


25 



The data in Table V indicate that post-addition of a water 
20 immiscible acid functional compound to the cationic 

electrodepositable composition of Example V provides better 
appearance, cure, and cure rate than does reaction of the 
cationic resin with the water immiscible acid functional 
compound 
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Example yj 

The following examples .vz-A to VI . G , illuscrate 

5 e e ; ; 0dePOSi " ble — — to the 

levels of tin catalyst required for *™ 

sjuirea tor appearance and cure. 



EXAMPT f f? yj a 

This e„ mple ascribes Che P rep„ ation of a c at io„ic 

° n total resin solids) and no 
water x-iscible acid functional compound. 

■A pigment paste was prepared from the following 
ingredients: . 



15 



20 



"ingredients" 



Figment grinding vehicle of" 
Example IV-A 



Deionized water 



Titanium dioxide 



Parts by Weight 



1515. 5 



2659. 0 




A ca talyst pasce was prepared £rom f 
ingredients: 




mtmtyltin oxide 
Deionized water 



200 
268 .2 



The paste was sand milled to * 

ea Co a Hegman reading of 7 
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A cationic electrodeposition bath was prepared from the 
following ingredients : 



Ingredients 


Parts by Weight 


Main vehicle of Example I -A 


1391 . 1 


Co- resin 1 of Example I -A 


168 . 2 


Butyl CARBITOL formal 
plasticizer 


27. 1 


Co- resin 2 of Example I -A 


73.9 


Deionized water 


1934.7 


Pigment paste described above 


172.4 


Catalyst paste described above 


32.6 



EXAMPLE VT-R 

This example describes the preparation of a cationic 
electrodeposition bath containing 1.45% DBTO on total resin 
solids (0.69% tin on total resin solids), and 1% water 
immiscible acid functional compound on main vehicle solids. 

A cationic electrodeposition bath was prepared from the 
following ingredients: 



Ingredients 


Parts by Weight 


Main vehicle of Example V-A 


5379.5 


Co- resin 1 of Example I -A 


670.3 


Butyl CARBITOL formal 
plasticizer 


107.8 


Co-resin 2 of Example I -A 


2 94.7 


Deionized water 


7928.0 


Pigment paste of Example VI -A 


689.5 


Catalyst paste of Example VI -A 


130.2 



EXAMPLE VI- C to VT-r, 
These examples describe the preparation of various 
cationic electrodeposition baths containing reduced levels of 
DBTO and 1% acid functional compound on main vehicle solids. 
The baths were prepared by diluting the bath of Example VI -B, 
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™ tainiD8 DBT ° - -in -didi. with . bith 

™ t,mn ' "° — P« pared from the (oUowing ingredlents; 




Figment paste of Example vi-a 



5970 . 2 



572 .4 



Example 



VI-C 



VI-D 



VI-E 



VI - F 



VI-G 



Parts by weight 
(Bath of 
Example VI-B) 



2830. 0 



2359. 0 



1835. 0 



1310.0 



786 ,0 



Parts by weight 
(DBTO-free Bath) 



970 . 0 



1441 . 0 



1965 .0 



24 90. 0 



3014 . 0 



* DBTO (tan) on 
total resin 
solids 



1-08 (0.515) 



0.9 (0.429) 



0-7 (0.334) 



0-5 (0.238) 



0-3 (0.143) 



The el.ctrodeposition b.ths of Exampies V1 . A tQ 
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Example 


Additive Amount 
(oleic acid) 


% D3TO (tin) on 
total resin 
solids 


R A 


Acetone Resistance 


TGA 


VI-E 


1.0% 


0.7 (0.334) 


6 . 6 


>100 

(extremely soft) 


63 


VI -F 


1.0% 


0.5 (0.238) 


9 . 8 


75 


43 


VI-G 


1.0% 


0.3 (0.143) 


9.4 


40 


27 



The daca in Table VI indicate that the appearance of a 
coating is improved when the composition contains a water 
5 immiscible acid functional compound, for all levels of catalyst 
tested. Cure, as measured by acetone resistance, is equal for 
the composition containing 0.7% DBTO with a water immiscible 
acid functional compound and the composition containing 1.45% 
DBTO with no acid functional compound. Cure rate as measured by 
10 TGA is slightly better for a composition containing 0.5% DBTO 
with a water immiscible acid functional compound than the 
composition containing 1.45% DBTO with no water immiscible acid 
functional compound. 

15 Example VT T 

The following examples (VII-A and VII -B) illustrate the 
effect of adding a water immiscible acid functional compound to 
a lead-free cationic electrodepositable primer composition. 

20 EXAMPf.E VTT-& 

This example describes the preparation of a cationic 
electrodeposition primer bath containing no lead and no water 
immiscible acid functional compound. 
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A pigment paste was prepared from the following 
ingredients : 



Ingredients 



Pigment grinding vehicle of" 
Example IV-a 



Deionized water 



Aluminum silicate 



Parts by Weight 



1167 . 8 



Carbon Black 



Titanium dioxide 



2011 . 8 



2449 . 6 



1428 . 8 



121 . 6 



5 paStS Was -nd mined to a Hegman . reading of 7 

A cationic electrodeposition bach was prepared fro, the 
following ingredients: 



JO 



15 



Ingredients 



Mam vehicle of Example i -a 



Co- resin l of Example I- 
Butyl CARHITOL formal 



plasticizer 



Co- resin 2 of Example i-a~ 



Deionized water 



Pigment paste described ab^ 




Parts by Weight 



14 62. 5 



178 . 7 



28 .4 



77 . 1 



1857. 7 



195.6 



EXAMP Tt p; YTT-p 

This example describes the preparation of a cationic 
electrodeposition primer bath containing no lead and !% water 
xmmiscible acid functional compound on main vehicle solids 
. ■ A cationic electrodeposition bath was prepared from the 
following ingredients: 
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Ingredients 


Parts by Weight 


Main vehicle of Example V-A 


1414 . 3 


Co-resm 1 of Example I-A 


178.7 


Butyl CARBITOL formal 
plasticizer 


28.4 


Co- resin 2 of Example I -A 


77. 1 j 


Deionized water 


1905.9 


Pigment paste of Example VII-A 


195.6 


Catalyst paste of Example IV-A 


23.8 



The elect rodeposition baths of Examples VII-A and VI I -B 
were prepared and zinc phosphate pretreated steel panels were 
coated and cured as in Example I. Results are reported in Table 
VII below. 



Table VTT 



Example 


Additive 
Amount 


Ra 1 


Acetone 
Resistance 2 


TGA J 
325 °F 


TGA« 
340°F 


VII-A 
(control ) 


none 


5.61 


5 


13 


48 


VII-B 


1.0% 


8 .45 


>100 


119 


315 



1 These data were obtained from coated panels cured for 3 0^ 
minutes at 340°F (17l.l°C) . 



2 These data were obtained from coated panels cured for 30 
minutes at 3 10°F < 154 . 5°C) . 

3 These data were obtained from coated panels cured for 3 0 
minutes at 325°F (162. 7°C) . 

4 These data were obtained from coated panels cured for 30 
minutes at 340°F (171. 1°C). 

The data in Table VII indicate that addition of water 
immiscible acid functional compounds to lead- free 

electrodepositable compositions improve the cure as measured by 
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acetone resistance an, TGA, despite^ absence of le ad as an 
auxiliary isocyanate decapping catalyst. 



10 



EXAMPT.F v TTT 
This example illustrac6s gum rMin or ^^^^ 

« the „a« r immiscible acid £unctional compound ■ 

r^"™ chai - ° f » = Th e 9 n„ rosin haa 

f" 1 advances o lsic acid . and thac „. 3J 

abMtie acid on main vehicle solids is similar „- 

co •? Slrnilar or improved over 

0-5, oleic acid on main vehicle solids in all propert.es. 



EXAMPT.it ir TTT a 
This example describes the preparation of a cationic 
electrodepo8iti.cn bath containing no additives. 
•5 A main vehicle was prepared f , 

ingredients. 



-rom the following 



Ingredients 



EPON 828 



Bxsphenol A- ethylene oxide 
adduct (1/6 molar ratio) 



Bisphenol A 



Methyl isobutyl ketone" 



ftnylcriphenyl phosphonium 
iodide 



uisphenol A-ethylene oxide 
adduct (1/6 molar ratio) 



Methyl i sobutyl ketone" 

/-i - ' . I — — — 



Cross linker 



Diketimine^ 



N-methyl ethanol 



amine 



Parts by weight 



2415 . 68 



98 .25 



1043 . 11 
90.63 



2 . 36 



884 .25 



328 .31 



2736 . 09 



224 . 04 



191 . 3 
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Ingredients 


Parts by weight 


Polyisocyanate d 


1325 . 00 


Methyl isobutyl ketone 


221 . 81 


2- ( 2 -But oxyethoxy) ethanol 


324 .46 


Dibutyltin dilaurate 


0.2 


2-Butoxy ethanol 


945.44 



'Polymeric MDI available from Miles Inc. as MONDUR MR as 
noted in Example 1-A. 

The polyisocyanate, methyl isobutyl ketone and dibutyltin 
dilaurate were charged to a reaction flask under a nitrogen 
atmosphere . 2 - ( 2 -butoxyethoxy ) ethanol was added slowly allowing 
the reaction to exotherm to a temperature between 4 5 to 50°C. 
Upon completion of the addition the reaction mixture was held at 
50°C for 30 minutes. 2 -butoxy ethanol then was added and the 
mixture allowed to exotherm 110°C and held there until Infrared 
analysis indicated no unreacted NCO remained. 

2 Diketimine derived from diethylenet riamine and methyl isobutyl 
ketone (73% solids in methyl isobutyl ketone) . 

The EPON 828, initial charge of Bisphenol A-ethylene oxide 
adduct, Bisphenol A and the initial charge of methyl isobutyl 
ketone were charged to a reaction vessel and heated under a 
nitrogen atmosphere to 125°C. Ethyl triphenyl £>hosphonium 
iodide then was added and the reaction mixture allowed to 
exotherm to about 145°C. The reaction was held at 145°C for 2 
hours and the second charge of Bisphenol A-ethylene oxide adduct 
was added and an epoxy equivalent was obtained. Epoxy 
equivalent usually stalls close to the target epoxy equivalent 
weight. At this point, the second charge of methyl isobutyl 
ketone, the crosslinker, the diketimine and N-methylethanolamine 
were added in succession. The mixture was allowed to exotherm 
and then a temperature of 125*C was established. The mixture 
was held at 125°C for 1 hour. The resin mixture (7500 parts) 
was dispersed in aqueous medium by adding it to a mixture of 
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165.59 parts of sulfamic acid and 4908.23 parCs of ri 

water. After 60 minutes the d' ■ dex-oni.ed. 

nuces, the dispersion was further ^ 
with 2794 18 M rtc rurtner thinned 

4.18 parts of dexonized water and 2830.95 parts of 
deiomzed water in stages and vacuum stripped t 

solvent to give a dispersion having a o L s ^ ^ 

Percent and a partide S i 2e of e ^ ^^ ™ 



Ingredients 
Main vehicle prepaid "above" 



— ■ j- - ^-^^.^ dDOVe 

Co-resm i of ExampTe~XA] at" 
35 » 3< solids 



«uuyi CARBITOL formal 
plasticizer 



?n' Si V ° f Example^Ar^r 
18.4% solids 



Deionized water 



EGOSS paste 




Parts by weight 
1329 



170.6 
37.2 



73.5 



EXAMPLR VTTT-B 



le " r ° deposltl °" bath containing 0.5% oleic „ 
vehicle solids. ld on main 

ingr „* mai " VehiC1 ' <«« tt. following 

ingredients. y 




Metnyl isobutyl ketone 



^ * ^-^ U^HC 

EthyltriphiHyT phosphSHiTIm- 
lodide 



»x8 P nenol A-ethyiene oxidT 
adduct (1/6 molar ratio) 



265.42 



20.51 



0.6 



Methyl isobutyl ketone" 



125.00 



87.22 
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EXAMPLE VII.T-B (fn n t-M) 



Ingredients 


Parts by weight 


Crosslinker of Example VIII-A 


693 . 55 


Diketimine 


54.99 


N-methyl ethanol amine 


46.96 



The reaction was performed as in Example VIII-A, except 
that after the second exotherm a temperature of 130°C was 
established. The mixture was held at 130°C for 1 hour. The 
resin mixture (1600 parts) was dispersed in aqueous medium by 
adding it to a mixture of 34.17 parts of sulfamic acid and 
1052.03 parts of deionized water. After 60 minutes, 7.20 parts 
of Emersol 210 oleic acid (a commercial grade of oleic acid 
available from Emery Chemicals Group of Henkel Corporation) was 
added to the high solids dispersion and further mixed for 30 
minutes. The dispersion was further thinned with 598.53 parts 
of deionized water and 606.41 parts of deionized water in stages 
and vacuum stripped to remove organic solvent to give a 
dispersion having a solids content of 43.0 percent and a 
particle size of 948 Angstroms. 

A cationic electrodeposi tion bath was prepared from the 
following ingredients: 



ingredients 


Parts by weight 


Main vehicle prepared above 


2627.5 


Co- resin 1 of Example IA at 
35.3% solids 


341. 6 


Butyl CARBITOL formal 
plasticizer 


74 .4 


Co- resin 2 of Example IA at 
18.4% solids 


147.0 


Deionized water 


4022.7 


E6066 paste 


386 .8 


Total 


7600.0 1 
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EXAMPT.tr y TT y £ 

This example describes the preparation of a cationic 
electrodeposition oath containing 0.5% of gumrosin 
5 abietic acid) on main vehicle solids. 

A main vehicle was prepared from the following 
ingredients: 



10 



15 



20 




Bisphenol A-ethylene oxide 
adduct (1/6 molar ratio) 



Metiiyl isojputyl kitHHi" 



crossl inker of Exam ple vni-— 
Diketimine — " 



N-methyl ethanol "amTHg " 



21.6 
13.0 



120.3 



9 . 8 



8.4 



The reaction w performed as in Example VULA. except 
th " af " r exothe™ , temperature of iio-c was. 

established. The fixture was held at , 3 .. c £or 4 hour The 
resin m ixture „, s ^ ^ 

adding it to a mixture of 7.62 parts of c , ,p 

parts of sulfamic acid and 227 2 
parts of deionired water. Mter 60 „ inutes ^ 

Rosxn avaiiabie fro. the Coiyer che.icai Company and x. 6 parts 

iSOb " yl ketOM — - . -Xution to 

fhe hlgh soiids dispersion and further „ixed for 30 minutes 

Thrs gu. rosin contains ,.. neutrai „ateria ls and rosin acid 

I abi " 1C * Cld - - " « -ture 

d hydroantetic acid and dehydroaMetic acid. The dispersion 
-s further thinned with 129 . 3 parts of deioni.ed water and 
l ": 4 ° f dei0ni " d * — and vacuu. stripped to 
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remove organic solvent to give a dispersion having a solids 
content of 40.8 percent and a particle size of 924 Angstroms. 

A cationic electrodeposit ion bath was prepared from the 
following ingredients: 



Ingredients 


Parts by weight 


Mam vehicle prepared above 


2769.2 


Co- resin l of Example IA at 
35.3% solids 


341.6 


Butyl CARBITOL formal 


74 . 4 


Co-resin 2 of Example IA at 
18.4% solids 


147.0 


Deionized water 


3 881 . 4 


E6066 paste 


386.8 


Total 


7600.0 


EXAMPTtR VTTT 


zll 



This example describes the preparation of a cationic 
electrodeposition bath containing 0.3% of gum rosin (natural 
abietic acid) on main vehicle solids. 

A main vehicle dispersion was prepared as in Example VII I - 
C, having a solids content of 41.3 percent and a particle size 
of 932 Angstroms. The dispersion differed from- that of Example 
VIII-C in that it contained 0.3% gum rosin on main vehicle 
solids instead of 0.5%. 

A cationic electrodeposition bath was prepared from the 
following ingredients: 



Ingredients 


Parts by weight 


Main vehicle prepared above 


2735.7 


Co- resin 1 of Example IA at 
35 . 3% solids 


341.6 


Butyl CARBITOL formal 
plasticizer 


74 .4 


Co- resin 2 of Example IA at 
18.4% solids 


147.0 


Deionized water 


3914.9 


E6066 paste 


386.8 


_ Total 


7600 . 0 
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The baths of Examples vril-A r-h™ u 
ultrafn ", 1 A thr °ugh VIIi-d were each 

, i ;::: h and - — filtrate wich deionl2ed 

water. Smooth 21nc phosphated steel panels and k 
iir^w i_ panels and smooth 

unphosphated electrogalvanized steel panel « 

with each o-. Panels were electrocoated 

witn each composition at 275 volts fnr ■>•■'■ 

XCs for 2 minutes at bath 
temperatures of bi-sst (27.2-30 o-C) ■' 

deionized water the ' V rinSi " 9 WiCh 

builds were about0 . 9mil 2 . siting mm 

- — - aPP .»:. c ::;;;;:: se — — 

acetnno • ■ . 6 response a s measured by .' 

resistance over 

15 resistance ^"trogalvanized substrate, and 

resistance to warm salt solution over electro™ i 
substrate. ^lectrogalvamzed 

All test results are summarized on Table vrii. 
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Warm Salt Solution 
Resistance 6 


lu 
o 

O 

ro 


E 
E 
m 


complete 
adhesion 
loss 


E 
E 
«r 


3 . 5mm. 


U, 

o 

LO 
CN 

ro 


E 
E 
tn 


complete 
adhesion 
loss 


E 
E 
in 


3 . 5mm. 


Humidity 
Resistance 5 


-o 
O 

*r 
m 


o 

rH 


o 


01 


o 

rH 


TABLE VIII 


o 
tn 

fN 

I 


O 
rH 


o 


o 

iH 


r- 


•* 
< 




in 

o 

rH 


CO 
ro 
CN 


rr 

ro 
ro 


CN 

in 

CN 


Acetone 
Resistance 3 




CN 
rH 


>100 

(softens) 


>100 (very 
slightly 
softens) 


>100 
(softens) 




< 




10.40 


8.10 


7.21 


7.28 




Wet 
Substrate 
Rupture 
Rating 1 




O 
rH 




tn 


o> 




Additive 




None 


0.5% oleic 
acid 


0 . 5% gum ■ 
rosin 


0.3% gum 
rosin 




Example 




VI II -A 


VIII-B 


VIII-C 


VIII-D 
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35 



40 



5 substrates in th» f r,, , -'"l 1 ' C ° '"Paring defects over wet 
steel panel is prewet w^h de "^ A Sm °° Ch zin ^ phosphated 
electrocoated with fl voLs for\T ^ 

electrocoated panel is baked 3 o mil r " " 95 ° F (35 ° C > • ™< 

observations are m ade of a tendencv IV " (171 ° C > «d 

10 ruptured, and raised defect areas Th Pr ° dUCe . «*rling. 
grated on a scale of 0 to 10 . 10 being Ls"^ 1 " 9 patte ™ s 

These data were obtained -f 
20 panels cured at 340°F {17! °™ c) C ° ated - ZlnC P h °sphated steel 

^z^^^^r steei ' b — - 3 25 .p 

from a bath maintained at I^^f^ooh 5 ^ to condensing humidity 
25 supplied by Q-Panel Co for 2 I h ^ 3 cabinet 

subjected to a cross-hatch *rfh— " ' ThSy are imme diately 
teeth 2mm. apart h P test using a tool with 6 

scale of 0 /worst to io best" ^ l0SS ° n * 

a^BSOo^ ( ^e e 7 ^ C r 9alVani2ed ^ 
550C for 120 hours. The ' pane Isltr- 5% NaC1 s °l"tion at 

water. a knife was usea K L 6 0^7^ ^ rinSed With 
from around the scribe The t«£? 5 loosely adhering paint 
measured and recorded at the widest'oi^ 0 " l0SS iS 

Example VI XX demonstrates that in the electrodepositable 
composition of the present invention, abietic acid or gum rosin 

on ? antly bettSr ^ ° lei — *>r preventing rupturing 

on wet substrarpQ an j ^ ^ 
substrates, and for improving adhesion to bare 

electrogalvanized substrate and i <= m, 

. ' and 15 the Preferred embodiment of 

the invention with respect tn hh 0 c 

^ P t0 these Parties. Gum rosin is 

slightly better than oleic acid fnv = 

acid for appearance and cure 

response. The exanple also demonstrates that o V 

Le5 tnat 0.3* gum rosm on 
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main vehicle solids has effects on cure response approximately 
equivalent to 0.5% oleic. acid, while providing a further 
improvement in resistance to rupturing defects over wet 
substrate. 
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WE CLAIM: 

> c= mPrisl „ g said cathod vi; in — - circuit 

::::::r :ir — ~~ ~ • 

elect rodeposi table composition. to ^ „° ^ «" 

containing cationic re=i„ , * "l"*^"- 

cc„ taining catalyse- the or9ano "- 

the electLepos" ba «. addition C 6 

i^scihie acL unc ^ 0f " ~ 

« « -at 5 ir::: :r™ — — 

— acid and „! _ " ^™ « 

2- The method of claim i i n „ hieh , h . 

derived to. , polyepoxide. "t 10 „ic resin is 

3- The method o f claim i wherein ^ ^ ^ 



25 substrate 
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«• The method of claim 2. in which rh. , 
^-lycidyx ether o £ a pol yhy dric alcLoi *' " 

5 - The method of claim o • 

— .it „ :::r ai * — 
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6. The method of claim 5 in which the amine salt groups 
are derived from basic nitrogen groups neutralized with an acid 
selected from the group .consisting of formic acid, acetic acid, 
lactic acid, phosphoric acid, sulfamic acid, and mixtures 
thereof . . 

7. The method of claim 1 in which the acid functional 
compound is gum rosin. : 

8. The method of claim 1 in which the acid functional 
compound is a carboxylic acid.' 

9. The method of claim 1 in which the acid functional 
compound is polycyclic . 

10. The method of claim 9 in which the acid functional 
compound is abietic acid. 

11. The method of claim 1 in which the organotin- 
containing catalyst is present in amounts of about 0.05 tr> 1 
percent tin by weight , based on the total weight of resin solids 
in the electrodepositable composition. 

12. The method of claim 1 wherein the electrodepositable 
composition contains lead. 

13. The method of claim 1 in which the electrodeposited 
film is heated to a temperature range of about 3 00 to 3 4 0°F 
(148.8 to 171. l-c) to cure the film. 

14. The method of claim l wherein the addition of acid 
functional compound is in an amount ranging from about 0.1 to 
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3.0 percent by weight bised „ the „ eig „ t o£ ^ 

resin solids of the „,-t-i„„ ' 

C " Ve "^"Sen-containing cationic resin 
and the capped polyisocyanate curing agent . 

15- . The method of =!.„, i, wherein the acid functional 
compound is present in an amount ranging from about ... 
percent by weight based ^ ^ ^ ^ ^ ^ ^ 

catalyst „ present in amounts of ahout 0.0s to o.s percent tin 
by werght. based on weight, of resin solids. 

The method of claim , wherein the acid functional 
compound is present from the addition of the acid functions! 

:z7i:° ch : ei ™— osition te :L 

e in ha Ih° n ^ ™ d with cationic 

in he a " 1Ve h ™™*ni„g cationic resin 

° el - c -^P-if-ble composition to enable the acid 

functional compound to enhance the cure response when the 
organofin catalyst activates cure of the electrodeposition 
composition. 

curino 17 ' ^ meth ° d ° f =1 * im 1 " herei " °» P°lxisocyahate 
ourrng agent rs present in the , Mt ranging tr0 m about s to 6 0 

percent hy weight based on total weight of resin solids. 

18 • The method of clain, 1, wherein the polyisocyan.te 
=unng agent is present in the amount ranging fro™ ahout to 
P ~ » ^ — - -tal weight of resin solids. 

_ in an electrodepositable composition comprising 

(a, an acttve hydrogen-containing cationic resin 

electrodepositable on a cathode, (hi 

cathode, (b) a capped polyisocyanace 
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curing agent; and (c) an organotin-containing catalyst; the 
improvement comprising the presence in the elect rodeposi table 
composition of at least one water immiscible acid functional 
compound having a hydrocarbon chain of at least 5 carbon atoms 
5 including abietic acid and natural sources thereof. 

20. The electrodepositable composition of claim 19 in 
which the cationic resin is derived from a polyepoxide. 

10 21. The electrodepositable composition of claim 20 in 

which the polyepoxide is a polyglycidyl ether of a polyhydric 
alcohol. 

22. The electrodepositable composition of claim 20 in 
15 which the cationic resin contains salt groups which are amine 

salt groups. 

23. The electrodepositable composition of claim 22 in 
which the amine salt groups are derived from basic nitrogen 

20 groups neutralized with an acid selected from the group 

consisting of formic acid, acetic acid, lactic acid, phosphoric 
acid, sulfamic acid, and mixtures thereof. 

24. The electrodepositable composition of claim 19 in 
25 which the acid functional compound is a monocarboxylic acid. 

25. The electrodepositable composition of claim 19 in 
which the acid functional compound is polycyclic 

30 261 The electrodepositable composition of claim 1 in 

which the organotin-containing catalyst is present in amounts of 
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about .0.05 Co 1 percent t in by ueighc . bMed on ^ ^ 

°* reSln S ° lidS ^ — ^PO-i«bl. coition. 3 

furtb " ™ e eleC "° de "- i ""^ tuition of c laim 26 
further comprising lead. 

to-l" ^ " m ™" »' — 300 to 3,0-P ,W., 
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AMENDED CLAIMS 

[received by the International Bureau on 09 February 1998 (09.02.98); 
original claim 19 amended ; remaining claims unchanged (2 pages)] 

3.0 percent by weight based on the weight of the main vehicle 
resin solids of the active hydrogen-containing cationic resin 
and the capped polyisocyanate curing agent. 

5 15 - The method of claim 14 wherein the acid functional 

compound is present in an amount ranging from about 0.4 to 1.5 
percent by weight based on the weight of the main vehicle resin 
solids so that a reduced amount of the organotin-containing 
catalyst is present in amounts of about 0.05 to 0.5 percent tin 
10 by weight, based on weight of resin solids. 

16. The method of claim 1 wherein the acid functional 
compound is present from the addition of the acid functional 
compound to the electrodepositable composition and wherein the 

15 acid functional compound remains unreacted with the cationic 

resin backbone of the active hydrogen-containing cationic resin 
in the electrodepositable composition to enable the acid 
functional compound to enhance the cure response when the 
organotin catalyst activates cure of the electrodeposition 

20 composition. 

17. The method of claim 1 wherein the polyisocyanate 
curing agent is present in the amount ranging from about 5 to 60, 
percent by weight based, on total weight of resin solids. 

25 

18. The method of claim 17 wherein the polyisocyanate 
curing agent is present in the amount ranging from about 25 to 
50 percent by weight based on total weight of resin solids. 

30 19. In an electrodepositable composition comprising 

(a) an active hydrogen-containing cationic resin 
electrodepositable on a cathode; (b) a capped polyisocyanate 
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curing agent; and (c) ■„ orc,a n o ti „- containing caMw . 

10 aenved from a polyepoxide. 

alcohol. ygxyddyl ether of a polyhydric 
15 22 - The electrodepositabu ^ 

j c :r acetic a=id - ^ •<*-< ~- 

u-tamic acid, and mixtures thereof . 

24 " The electrodepositahio 
which the acid functional COm P°-tion of claim 19 in 

d functional compound is a monocarboxylic acid. 
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